ニヘンスウ チョウキカ カンスウ ノ ヘンビブン ホウテイシキケイ ノ ヘンカン ト スウシキ ショリ スウシキ ショリ ト スウガク ケンキュウ エノ オウヨウ by 河西, 和明 & 栗原, 光信
Titleニ変数超幾何関数の偏微分方程式系の変換と数式処理(数式処理と数学研究への応用)
Author(s)河西, 和明; 栗原, 光信














, $\phi,$ $\psi,$ $A:,$ $B_{i}$ , Ci, $D_{i}(i=1,2)$ $x$ $y$ ,
$r= \frac{\partial^{2_{Z}}}{\partial x^{2}}$, $s= \frac{\partial^{2_{Z}}}{\partial x\partial y}$ , $t= \frac{\partial^{2_{Z}}}{\partial y^{2}}$, $p= \frac{\partial z}{\partial x}$ , $q= \frac{\partial z}{\partial y}$ (1.3)
.
[1] , (1.1), (1.2) ,
, 1







(1.1) $y$ , (1.2) $x$ .
$\phi\frac{\partial r}{\partial y}-A_{1}\frac{\partial s}{\partial y}=(\frac{\partial A_{1}}{\partial y}+B_{1})s+C_{1}t-\frac{\partial\phi}{\partial y}r+\frac{\partial B_{1}}{\partial_{2}y}p+(\frac{\partial C_{1}}{\partial y}+D_{1})q+\frac{\partial D_{1}}{\partial y}z(2.1)$
$\psi\frac{\partial t}{\partial x}-A_{2}\frac{\partial s}{\partial x}=(\frac{\partial A_{2}}{\partial x}+C_{2})s-\frac{\partial\psi}{\partial x}t+\theta_{2}r+(\frac{\partial B_{2}}{\partial x}+D_{2})p+\frac{\partial C_{2}}{\partial x}q+\frac{\partial D_{2}}{\partial x}z(2.2)$
$\frac{\partial s}{\partial x}$ $\frac{\partial s}{\partial y}$ .
,
$\Delta=\phi\psi-A_{1}A_{2}$ (2.3)
. , $\Delta=0$( Case 1 ), $\Delta\neq 0$( Case 2) . Case 2
4 .
$A_{1}\neq 0$ , $A_{2}\neq 0$ (Case 2-1)
$A_{1}=0$ , $A_{2}\neq 0$ (Case 2-2)
$A_{1}\neq 0$ , $A_{2}=0$ (Case $\ovalbox{\tt\small REJECT}- 3$)





Case 1 ([3]) . $\Delta-=0$ , (2.1), (2.3) $\frac{\partial s}{\partial x}$ $\frac{\partial s}{\partial y}$
, (1.1), (1.2)
$(\begin{array}{l}fst\end{array})=(\begin{array}{lll}\alpha_{l} \alpha_{2} \alpha_{3}\beta_{1} h \beta_{3}\eta_{l} ?2 \eta_{3}\end{array})(\begin{array}{l}pqz\end{array})$ (2.1.1)
. ,
(2.1.2)$d(\begin{array}{l}zpq\end{array})=$ . . $\beta_{3}^{3}\alpha^{0}$ $\alpha^{1}\ ^{1}$ $\beta_{2}^{0_{2}}\alpha)dx+$ . $?^{0_{3}}\beta_{3}$ $?^{0_{1}}\beta_{1}$ $\beta_{2}^{1_{2}}?)dy\}(\begin{array}{l}zpq\end{array})$
. , (2.1.2) y $dy=0$ ( $dx=0$ )
, SECTION \kappa .
2.2. Case 2
.Case 2 , .





Case 2-1 \sim $z;(i=1,2,3,4)$ .
$\{\begin{array}{l}z_{l}=zz_{2}=\phi p+\phi_{l}zz_{3}=\psi q+\psi_{l}zz_{4}=\Delta s+\xi p+\zeta q+\eta z\end{array}$ (2.2.3)
$\phi_{1},\psi_{1},$ $\xi,$ $\zeta,$ $\eta$ , .
$dz_{2}=pd\phi+\phi dp+zd\phi_{1}+\phi_{1}dz$ (2.2.4)













$+ \{(\psi_{1}-\frac{\psi}{\Delta}\xi)p+(\frac{\zeta}{\Delta}\psi_{1}-\frac{\psi}{\underline{}^{\Delta}}\eta)z_{1}\neg S)6)^{-\frac{\zeta}{\Delta}z_{3}\}d_{X}}$ (2.2.7)
, (2.2.5), (2.2.7) $0$ , . ,
(1) $\zeta$ , (2) $\phi_{1}$ . , (4) $\xi$ , (5)




Case $\ovalbox{\tt\small REJECT}- 2C$ ,
$\{\begin{array}{l}z_{1}=zz_{2}=\phi p+\phi_{l}z+\phi_{2}qz_{3}=\psi q+\psi_{l}zz_{4}=\Delta s+\xi p+\zeta q+\eta z\end{array}$ (2.2.8)
. $\phi_{1},$ $\phi_{2},\psi_{1},$ $\xi,$ $\zeta,$ $\eta$ .
$dz_{3}=qd\psi+\psi dq+zd\psi_{1}+\psi_{1}dz$ (2.2.9)
$\psi dq+\psi_{1}dz$ , (1.1), (1.2), (2.2.8) $r,$ $t,$ $s$ , q. , $pdy$
$pdx,$ $zdx$ $0$ .
$dz_{2}=pd\phi+\phi dp+zd\phi_{1}+\phi_{1}dz+qd\phi_{2}+\phi_{2}dq$ (2.2.10)
, $\phi dp+\phi_{1}dz+\phi_{2}dq$ , (1.1), (1.2), (2.2.8) $r,$ $t,$ $s,$ $p$
, $qdx$ $0,$ $\zeta qdy,$ $qdy$ $0$ .
, . , (2.2.3) .
Case 2-S ,
$\{\begin{array}{l}z_{l}=zz_{2}=\phi p+\phi_{l}zz_{3}=\psi q+\psi_{1}z+\psi_{2}z_{4}=\Delta s+\xi p+(q+\eta z\end{array}$ (2.2.11)




, $\phi dp+\phi_{1}dz$ , (1.1), (1.2), (2.2.11) $r,$ $t,$ $s,$ $p$ ,
$qdx,$ $qdy,$ $zdy$ $0$ .
$dz_{3}=qd\psi+\psi dq+zd\psi_{1}+\psi_{1}dz+pd\psi_{2}+\psi_{2}dp$ (2.2.13)
$\psi dq+\psi_{1}dz+\psi_{2}dp$ , (1.1), (1.2), (2.2.11) $r,$ $t,$ $s,$ $q$
, $pdy$ $0,$ $\xi pdx,$ $pdx$ $0$ .
, , (2.2.3) .
Case 2-4 ,
$\{\begin{array}{l}z_{1}=z_{2}=z_{3}=z_{4}=\end{array}$ $\psi qz\Delta s\phi p$ (2.2.14)
.
2.3. $-C_{t}ase2$ SECTION $K$
2.2. , (2.2.1), (2.2.2) .
, (2.2.1) $dy=0$ Case 2-4
$f=(\begin{array}{llll}* * 0 0* * 0 ** * * ** * * *\end{array})$ (2.3.1)
($*$ $0$ ). , Case 2-4 ,
, (2,3.1) . ? $f1_{2},$ $f_{24},$ $f_{43}$
$0$ , $x$ 4 .
, (2.2.1) $dx=0$ Case 2-4
$g=(\begin{array}{llll}* 0 * 0* * * ** 0 * ** * * *\end{array})$ (2.3.2)
. Cue 2-4 , ,
(2.3.2) . , $g_{13},$ $g_{34},$ $g_{42}$ $0$ , $y$ 4
.
3.
y $Sun3/60$(Sun OS 3.5, : $8MB$) MACSYMA .
, Horn’s list([4]) - . ,
$F_{1}\sim F_{4’},G_{1},$ $G_{2},$ $\Phi_{1}\sim\Phi_{3},$ $\Psi_{1},----,\Gamma_{1},$ $\Gamma_{2}$ , H4, Hs,Hs, $H_{9},H_{l1}$ . ,
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, $G_{1}$ , Hs , SECTION .
, $\Psi_{2}$ $H_{1}\sim H_{l1}$ , .
, 1 . , 2
. (1.1), (1.2)
, (2.3) , $\Delta$ $0$ , $\Delta$ $0$ .
, Al, A2 , $A_{1},$ $A_{2}$ $0$ $0$ . Tota
MACSYMA CPU Total Time(sec) , GC Garbage
conection( $\sec$) . , $F_{4}$ , $dy=0$
(
, $x,$ $y$ , $dx=0$
). , SECTION
. , Case 2-P $dy=0$
SECTION, Case 2-S $dx=0$ SECTION (
). , SECTION , o
. ,
, .
(11/26) , H2, $H_{3},$ $H_{7}$
, , [4] .
, , 1
. , [4] $\alpha,$ $\beta,$ $?,$ $5$ $a,$ $b,$ $c_{1}d$
. , $\alpha’,$ $\beta’,$ $\gamma’$ , $a’,$ $b’,$ $c’$ .
, $F_{4}$ . Coeff of $F$ , (2.2.2) $f$
, Coeff of $G$ , (2.2.2) $g$ , , Case of $dy=0$




[2] M.Kohno&T.Suzuki:Reduction of single Fu.chsiAn differntial equations
to hypergeometric systems,Kumamoto J. Sci.(Math)Vol.17,27-74 March(1987)
[3] T.KimurecHypergeometric function of two variables,
Lecture notes of University of Minnesota(1973)





$\#\downarrow=(\lambda\backslash (\iota b’x\star 2- bx-b+a\prec t)_{8^{+}}(b’-a\prec|)\prime x-br_{2-}a\cdot t|\}\star Q$
















































































































$-4ad^{3}x^{2}$y-ll $d^{3}x^{2}y-10bcd^{2}x^{2}y-10$ $a$ $cc^{t2}x^{2}y$
$-30cc^{t2}x^{2}y+7b^{2}c^{i2}x^{2}y+18abc^{!2}x^{2}y+40bc^{\iota 2}x^{2}y$
$+7a^{2}c^{l2}x^{2}y+40$ a $c^{\Omega}x^{2}y+49d^{2}x^{2}y+6b^{2}cdx^{2}y$











$+2bc^{6}xy+2$ a $c^{i3}xy+7c^{13}xy-2c^{2}c^{t2}xy+2bcc^{\prime 2}xy$
$+2acc^{\theta}xy+8cc^{t2}xy-4abc^{\prime 2}xy-9bc^{t2}xy$



















$+6\iota c^{i3}x^{2}+20c^{6}x^{2}+6bcc^{i2}x^{2}+6acc^{\prime 2}x^{2}+12cc^{\prime 2}x^{2}$
$-7b^{2}c^{\iota 2}x^{2}-22$ a $bc^{\prime 2}x^{2}-51bc^{\prime 2}x^{2}-7a^{2}c^{t2}x^{2}$
$-51$ a $c^{t2}x^{2}-76c^{\prime 2}x^{2}-10b^{2}cc’x^{2}-16$ a $bcc’x^{2}-42bcc’t^{2}$
$-10a^{2}$ cc’ $x^{2}-42a$ cc’ $x^{2}-44cc’x^{2}+4b^{3}dx^{2}+20ab^{2}dx^{2}$
$+42b^{2}c’x^{2}+20a^{2}bc^{1}x^{2}+114abcx^{2}+134bc’x^{2}$
$+4a^{3}c’x^{2}+42a^{2}c’x^{2}+1uac’x^{l}+120c’x^{2}+4b^{3}cx^{2}$
$+8ab^{2}cx^{2}+\mathfrak{B}b^{2}cl+\S u^{2}bcx^{2}+40$ ab $cx^{l}+56bcx^{2}$
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$-4a^{2}cdx-8acdx-b^{3}c’x-7ab^{2}$ c’ $x-18b^{2}$ c’ $x-7a^{2}bdx$























$-3b^{2}c^{\prime 3}xy-8abc^{\prime 3}xy-13bc^{\prime 3}xy-3a^{2}c^{\prime 3}xy$





$+62abc^{\prime 2}xy+55bc^{\prime 2}xy+3a^{3}c^{l2_{\Lambda}}xy+25a^{2}c^{\prime 2}xy$
$+55$ a $c^{\prime 2}xy+\dot{3}3d^{2}xy+b^{3}cdxy+15ab^{2}cdxy+21b^{2}cc’xy$
$+15a^{2}bcdxy+56$ abcc’ $xy+47bcdxy+a^{3}cc’xy$




$-6ab^{3}cxy-3b^{3}$ cxy–6 $a^{2}b^{2}$ cxy–31 a $b^{2}$ cxy–23 $b^{2}cxy$
$-6a^{3}$ bcxy–31 $a^{2}$bcxy–58abcxy-33 $bcxy+a^{4}cxy$

























$-2a^{4}x^{2}-6a^{3}x^{2}-2a^{2}x^{2}+6ax^{2}+4x^{2}-cc^{\prime 4}$ x-bd4 $x$
$-ad^{4}x-d^{4}x-bcc^{13}x-acd^{3}x+2cd^{3}x+3b^{2}d^{3}x$
$+8abc^{\prime 3}x+13bc^{\prime 3}x+3a^{2}d^{3}x+13$ a $c^{\prime 3}x+10d^{3}x$
$+5b^{2}cc^{\prime 2}x+8abcd^{2}x+14bcc^{l2}x+5a^{2}cc^{l2}x+14acc^{\prime 2}x$
$+7cd^{2}x-3b^{3}c^{i2}x-15ab^{2}c^{t2}x-25b^{2}d^{2}x-15a^{2}bc^{i2}x$
$-62abd^{2}x-55bc^{l2}x-3a^{3}c^{\ell 2}x-25a^{2}d^{2}x-55$ a $d^{2}x$
$-33d^{2}x-3b^{3}cc’x-13ab^{2}cdx-22b^{2}cdx-13a^{2}bcc’x$
$-46$ ab $cdx-39bcc’x-3a^{3}cdx-22a^{2}cdx-39$ a $cdx$
$-20cc’x+b^{4}c’x+10ab^{3}c’x+15b^{3}dx+18a^{2}b^{2}dx$
$+73ab^{2}$ c’ $x+63b^{2}dx+10a^{3}bc’x+73a^{2}bc’x+152$ $a$ $bc’x\lrcorner$
$+93tdx+a^{4}dx+15a^{3}c’x+63a^{2}c’x+93adx+44dx$
$+6ab^{3}cx+6b^{3}cx+4a^{2}b^{2}cx+28ab^{2}cx+24b^{2}cx+6a^{3}bcx$













$-b^{2}x+2abx-a^{2}x+x-c^{\prime 2}-2$ cc’ $+2bd+2ad+4c’+2bc+2ac$
$+2c-b^{2}-2ab-4b-a^{2}-4a-3)$
Totaltime$=4501166$ msec. GCtime$=3003350$ msec.
$-14-$
